RE' characterization of materials
Various techniques have been utilized for RF characterization of materials:
1. Free Field swept CW: 1 to 20 GHz, arbitrary incidence angles Figure 1 --a view from the source antenna in the tapered portion of the anechoic chamber toward a reference reflector dramatizes the environment required to make free field measurements. 
Coaxial Airlines
Coaxial airlines are used for material RF characterization by measuring the scattering parameters:
The material under test (in this case cement) is placed in a section of the air line and the scattering parameters are calculated from the transmitted and reflected waves. The insertion loss (s21) and the return loss (sll) are used in the calculation equations to find the complex permittivity and permeability.
The classical Nicolson Ross-Weir equations relate the scattering data to Complex Permittivity and Permeability. These equations have the advantage of working on dielectric or magnetic materials but the disadvantage of numerical instability at half-wavelength points. Also, the sample length and reference plane must be well known.
. I I Figure 6 --notice the half-wavelength instabilities in the Nicolson Ross-New equations and robust algorithms derived by NIST have been adopted for Dielectric Constant measurements. These algorithms have the advantages of being reference plane and sample length independent with an improved accuracy for thin samples.
These equations were used, in conjunction with experimental scattering parameter data from the coaxial line, to calculate the complex permittivity of cement. Using similar equations one can also determine the characteristics for magnetic materials.
Conclusions
The utility of these new algorithms has been demonstrated and applied to experimental data. The resulting permittivity calculations do not suffer from the instabilities of the ' 'classical' ' permittivity calculations and so are more suitable for broad band data.
